Salmonella enterica serovar Typhimurium (S. Typhimurium) is a primary avian pathogen responsible for severe intestinal pathology in younger chickens and economic losses to poultry industry. Furthermore, S. Typhimurium is also able to cause infection in humans, characterized by acute gastrointestinal disease. A study was conducted to investigate antibody response and expression kinetics of interferon gamma (IFNγ), interleukin (IL-12, and IL-18) genes in broiler chicken at 0, 1, 3, 5, 7, 9, 11, 13, and 15 D post infection following experimental infection of S. Typhimurium. Immunological studies showed higher titres of IgG and IgM in the infected group as compared to the age-matched un-infected control group. The Real-Time PCR-based gene expression analysis revealed significant increase of IFNγ, mRNA levels in the infected group as compared to their respective controls (P < 0.05). The present study shall help in understanding the immune responses in birds, thus allowing development of more effective vaccines and vaccination strategies.
INTRODUCTION
Salmonellosis in humans is the most prevalent food borne bacterial disease worldwide that is most commonly caused by Salmonella enterica mainly originating from the farm animals. Food borne diseases in humans caused by Salmonella remain a major public health concern worldwide and are commonly associated with the consumption of broiler meat contaminated with this bacterium (Rabsch et al., 2010) . Salmonella enterica serovar Typhimurium (S. Typhimurium) is a flagellated, rod-shaped, gram-negative, facultative anaerobe. Salmonella enterica infection in chicken can occur at any age but the infections mainly occur during younger age as the newly hatched chicks are more susceptible to Salmonella infection. Older birds are more resistant to this infection as compared to the younger birds due to well-developed immune system and strong cell mediated and humoral immune responses (Beal et al., 2004) .
Cytokines are important proteins secreted by cells that play a central role in the immune and inflammatory responses. They are the effector messengers of the innate and adaptive immune systems that initiate and manipulate the immune responses directed toward eradicating microbial pathogens (Charles et al., 2001) . Chemokines are a class of cytokines that have chemoattractant activities which control the movement of immune cells (Kaiser and Staheli, 2008) . As regulators of the initiation and maintenance of host defences, cytokines ultimately determine the type of immune response and the effector mechanisms generated to mediate resistance. Cytokines, such as interferon gamma (IFNγ) and interleukins (ILs) are important components of the immune system. These molecules provide an essential communication bridge between the innate and adaptive immune systems. In addition to connecting both the adaptive and innate aspects of theimmune system, these molecules provide the initial warning signs to alert the immune system to potential threats. In the present study, we extensively investigated antibody response and tissue specific mRNA expression of IFNγ, genes in broiler chicken following experimental infection of S. Typhimurium.
MATERIALS AND METHODS

Chicks and Experimental Design
A total of 170 one day-old Cobb broiler chicks procured from the Hariparbat hatchery Srinagar, Department Animal Husbandry government of Jammu and Kashmir, India was maintained under strict hygienic conditions at the experimental housing of Faculty of Veterinary Science and Animal Husbandry, Sher-e-Kashmir University of Agricultural Sciences and Technology, Kashmir, India and the work was agreed upon by the Institutional Animal Ethics Committee on ethical standards in animal experimentation (No: AU/FVS/PS-57/4461) (IAEC/15/01). The chicks were divided into two groups (control and infected) and were checked to be free of Salmonella infection before challenge. After 3 D of acclimatization, the chicks in the infected group were challenged orally with 2 × 10 8 CFU/ml of S. Typhimurium. Chicks in the control group were given 1 ml of nutrient broth.
Bacterial Strain
For development of infection in experimental birds, S. Typhimurium was isolated from faecal and liver samples of salmonellosis-suspected chicks at the Division of Veterinary Pathology, F.V.Sc and AH, Shuhama. Samples were inoculated in tetrathionate broth (TTB) and incubated at 42˚C for 18 h. The cultures were identified by a method as recommended (Edwards and Ewing, 1972) . The S. Typhimurium was confirmed by molecular techniques as described (Wani et al., 2013) and biochemical (IMViC) tests. For further confirmation serotyping was done from National Salmonella and Escherichia Centre, Central Institute Kasauli, Himachal Pradesh, India.
Confirmation of Infection
For confirmation of infection faecal swabs were taken 12 h after infection and cultured in TTB and incubated for 18 h at 42˚C. Growth of TTB broth was streaked on brilliant green agar (BGA) and MacConkey agar. These plates were incubated for 24 to 48 h at 37˚C. The plates were examined for typical colonies of Salmonella i.e., pale colonies on MacConkey agar, pink colonies on BGA.
Sample Collection
Blood samples were taken from wing veins of six control and six infected chicks at 0, 1, 3, 5, 7, 9, 11, 13, and 15 D post infection and processed for serum extraction. The extracted serum was kept at −20
• C and further used for immunological studies. Following blood collection the chicks were sacrificed and tissues samples (Liver, Spleen and Caecum) were collected for RNA isolation
Enzyme Linked Immunosorbent Assay
Indirect enzyme linked immunosorbent assay (ELISA) was performed to detect the anti IgG and IgM antibodies anti IgG and IgM antibodies in serum as per the method described (Holt et al., 1999) with minor modifications. Sonicated S. Typhimurium (20 ng/100 μl) was used as antigen. 100 μl of goat antichicken antibody (Sigma 1:15,000) diluted in PBS-T was added to each well and plate was incubated at 37
• C for 2 h. Plates were washed with PBS Tween-20 (0.05%) and incubated with 100 μl O-phenylene diamine dihydrochloride in the dark at room temperature for 15 min. The reaction was stopped by adding 2 N H 2 SO 4 @ 50 μl per well. Absorbance was determined using ELISA reader (PerkinElmer) at 492 nm.
RNA Extraction and cDNA Synthesis
Total RNA was extracted from the tissue samples (liver, spleen and caecum) by Trizol TM method (Invitrogen, USA) as per manufacturer's protocol. The quantity and quality of isolated RNA was checked at 260 and 280 nm with UV-Visible spectrophotometer. Prior to cDNA synthesis, RNA samples were run on 1% agarose gel. DNase treatment using DNase1 kit (Sigma, USA) was given to rule out any genomic DNA contamination.
cDNA synthesis was done with equal concentration of RNA (1.5 μg/μl) in all the samples using Thermo Scientific RevertAid First Strand cDNA Synthesis Kit TM (Lithuania) using oligo dT primers following manufacturer protocol. For validation of cDNA and primers conventional PCR was run using cDNA as template. The primers used for IFNγ, , GAPDH and β-Actin gene amplification were already reported (Berndt et al., 2007; He et al., 2013) (Table 1) .
Quantitative Real-Time PCR
The mRNA expression levels of IFNγ, IL-12 and IL-18 genes of chicken were determined by Real-Time PCR (Roche TM , Germany), using SYBR green as fluorescent dye. Beta-actin and GAPDH were used as internal control. The relative quantification of IFNγ, IL-12, and IL-18 mRNA was determined by 2 −ΔΔC T method (Livak and Schmittgen, 2001) , where ΔΔC T corresponded to the difference between the C T measured for the mRNA level of each tissue and the C T measured for the mRNA level of the reference gene, ΔC T = C T(target gene)-mean C T(β -Actin) and C T(GAPDH).
Statistical Analyses
The data obtained in the current study was analyzed using a computer-aided statistical software package SPSS 20.0. The differences between means were analyzed by unpaired Student's T-test and by one way ANOVA followed by Fisher's LSD test and significance was determined at P < 0.05.
RESULTS AND DISCUSSION
Clinical Signs
After the birds were inoculated with an infection dosage of 2 × 10 8 CFU/ml, the clinical symptoms appeared within first week. The clinical symptoms included depression, dullness, inappetance, and reluctance to move with both eyes closed. After one week post infection the birds showed progressive weakness, anorexia, increased thirst, dropping of wings, ruffled feathers, lowering of head, and diarrhoea.
Gross Pathology
Liver tissues in case of infected group showed severe congestion, haemorrhages, and hepatomegaly. Congestion of liver was observed upto 15 dpi. Formation of pin point foci on surface of liver was observed at 9 dpi. Necrotic foci on the surface of liver were found to be a constant finding. Spleen and lung tissues of the infected birds revealed congestion and haemorrhages from initial day upto 15 dpi. Gross changes in small intestines were mild catarrhal enteritis, congestion and severe haemorrhages throughout intestinal tract. Most severe haemorrhages were observed in the second week of infection.
ELISA
Specific serum IgG antibody response for S. Typhimurium as the mean optical density (OD) values in the chicks challenged orally with S. Typhimurium increased from 0.0545 to 0.2088 up to 15 dpi as shown in Figure 1 , and serum IgM antibody response for S. Typhimurium as mean OD values in the chicks challenged orally with S. Typhimurium increased from 0.0546 to 0 .214 up to 13 dpi as shown in Figure 2 . The overall antibody (IgG and IgM) response of the infected group was found to be statistically significantly (P < 0.05). 
Gene Expression Studies
The expression of IFN γ, IL-12, and IL-18 genes in response to treatment relative to control chicks were calculated as fold change in mRNA levels. Salmonella Typhimurium infection altered the expression level of the genes under study significantly at all time points 
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Figure 5. mRNA expression of IL-18 gene at 0,1,3,5,7,9,11,13, and 15 D post infection in liver, spleen and caecum of birds infected with S. Typhimurium. seen in spleen followed by liver and caecum respectively at 7 dpi ( Figure 5) .
No doubt chicken models have been used for research studies for different diseases but there is little knowledge regarding resistance of chicken against Salmonella infection during early stages of their growth. In poultry, an age related resistance against Salmonella infections has been studied. Certain factors like absence or premature intestinal flora and under developed immune system contribute to early age infection. In contrast, older birds are less susceptible to infection, have well established immune system and intestinal flora, which competes for receptors or produce metabolic products (bacteriocins) that restrain Salmonella growth (Beal et al., 2004; Crhanova et al., 2011) .
Following oral inoculation of S. Typhimurium, clinical signs appeared within 4 dpi which gradually increased in time dependent manner. The affected birds exhibited dullness, marked depression, closed eyes, and reluctance to move. Furthermore, birds showed progressive weakness, inappetance, increased thirst, ruffled feathers, drooping of wings, lowering of head, and diarrhoea after 7 dpi. Infection with S. Typhimurium showed whitish diarrhoea, high mortalities, decreased body weight, lameness, inappetance, conjunctivitis, respiratory manifestation, and pasty diarrhoea during early infection stage (Sharkawy et al., 2017) . Similar clinical signs were observed in Salmonella Gallinarium infected chickens (Shivprasad, 2000; Chacana and Terzolo, 2003) . Clinical signs of ruffled feathers, dullness, and diarrhoea were also reported in an outbreak of Fowl typhoid (Bhattacharya et al., 2001) . Congestion and haemorrhages in spleen and lungs of the infected birds has also been reported which was in concurrence with our findings (Shah et al., 2013) . The Gross changes in small intestines were mild catarrhal enteritis, congestion and severe haemorrhages throughout intestinal tract. The severe haemorrhages were mostly observed in second week of infection. Salmonella Typhimurium is capable of causing invasive infection in the chicken, along with intestinal inflammation and colonization of the gastrointestinal tract (Parsons et al., 2013) . Salmonella Typhimurium infection of dayold chickens can result in severe inflammatory responses and intestinal pathology (Withanage et al., 2004) . In older chickens, however, it does not cause any detectible pathogenic symptoms (Barrow et al., 1987) . The lack of pathology observed in week-old birds infected with S. Typhimurium may be due to a lack of a pro-inflammatory cytokine response and a release of TGF-β4 in the older birds (Withanage et al., 2005) .
Although antibodies are known to be important in controlling Salmonella infection, their exact role remains unclear (Restif et al., 2013) . Recent studies have rekindled our interest to unveil the role of serum antibodies against S. Typhimurium. Strong antigen-specific cell and humoral immune responses have both been temporally linked to clearance of S. Typhimurium infection in chicks (Saif et al., 2003) . Our study revealed significant increase in IgG mean OD values upto 15 dpi and also significant increase in IgM OD values upto 13 dpi in the infected birds compared to the controls. Other studies have also found that OD values increased steadily over the weeks post infection in chicks challenged with Salmonella Enteritidis (Ishola and Holt, 2008 ). An increase in IgG and IgA antibody levels between 1 and 4 wk post infection in chickens inoculated with S. Typhimurium has been previously reported (Hassan et al., 1990) .
Both Interleukin 12 and Interferon gamma promote Th1 immune responses that play a vital role in stimulating protective immunological responses against invading pathogens (Eckmann and Kagnoff, 2001; Trinchieri, 2003) . In accordance to our results, earlier studies have shown that splenic IL-18 and IFNγ mRNA expression was higher in Salmonella exposed chicks, suggesting role of avian splenic cells against Salmonella infection (Cheeseman 2007 ). Interleukin-12 mRNA peak expression was found in caecum followed by liver and spleen at 3 dpi. In agreement with our results, studies have found that the expression of different inflammatory cytokines and chemokines were upregulated in the caecum. The expression of these inflammatory genes including IFNγ was higher upto two weeks after which the mRNA expression reached basal levels (Matulova et al., 2013) . Studies have shown that after activating peripheral blood mononuclear cells with S. Typhimurium at various time points, the mRNA expression levels of IFNγ was found to be significantly higher as compared to the controls (Rani et al., 2012) . In another study, day old chicks were infected with different Salmonella serovars and caecum immune response was monitored. It was found that serovar Enteritidis elicited highest invasiveness followed by Typhimurium and Hadar. The mRNA expression levels of interleukins and IFNγ genes were found to be increased in a time dependent manner. Salmonella Typhimurium infected chicks showed high induction of IFNγ and less induction of IL-12 and IL-18 as compared to Salmonella Enteritidis (Berndt et al., 2007) .
It has also been reported that in the case of day old chickens infected with Salmonella, the cytokines showed peak expression upto 3 dpi, while IFNγ continued to be upregulated upto 10 dpi. In infected 4-day-old chickens, increased expression of IL-18 and IFNγ as compared to uninfected controls was found and expression reached peak at 10 dpi. The expression of IFNγ, IL-18 and other interleukins increased significantly in chicks infected at 16 D of age upto 10 dpi as compared to uninfected controls (Crhanova et al., 2011) . We observed that during Salmonella infection the expression levels of different genes under study, irrespective of the tissue (liver, spleen, and caecum), increases in a timedependent manner. The present study can enhance our understanding of the expression kinetics of different immune related genes and their potential role in infectious diseases of poultry. Additionally, understanding the immune responses induced by Salmonella infection, can pave a way for development of efficacious vaccine.
